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MERCURY  IN  ONTARIO'S  ENVIRONMENT: 
WHO  IS  AT  RISK? 


ACKGROUND 


MethylmercuTN  first  gained  attention  as  an 
em  LTonmental  toxm  m  the  1950s  and  60s  in 
Minamata.  Japan.  Consumption  ol  seafood  contaminated  by 
methylmercun  diseharged  from  a  chemical  factor.'  caused  a 
\  ariety  of  neurological  disorders  culminatmg  in  the  deaths  of 
nearly  100  persons.  In  the  mid  1960s  25  people  died  of 
methylmercun  poLsoning  in  Nigata.  Japan,  and  other  incidents 
arose  from  consumption  of  seed  treated  \\  ith  related  organo- 
mercury  compounds,  or  fi'om  animals  used  for  human  food 
which  had  been  fed  treated  seed.  Such  outbreaks  occurred  in 
Ciuatemala.  Iraq.  Pakistan,  and  the  I  fnited  States.  In  the  Iraq 
incident  of  1971-72.  over  6500  people  were  hospitalized,  and 
459  died  under  treatment.  It  was  estimated.  howe\er.  that  at 
least  3700  people  died  and  over  10,000  became  ill  and 
permanently  disabled 

Contamination  of  the  environment  with  mercury  and 
methylmercury  has  also  occurred  in  Ontario  and  elsewhere  in 
Canada.  The  worst  incidents  occurred  in  the  1 960s  through 
discharges  from  chlor-alkali  plants.  Fortimately,  few  direct 
to.xic  effects  to  humans  ha\e  been  associated  with  these 
events,  although  a  variety  of  social  and  economic  impacts 
arose  from  them.  The  Canadian  incidents  lead  to  a  number  of 
federal  and  provincial  regulations  on  the  emission  and  use  of 
mercury,  and  the  release  of  mercury  to  the  environment  from 
many  sources  has  declined  greatly  in  the  past  two  decades. 
Other  sources,  particularly  those  associated  with  fossil  fuel 
combustion  and  perhaps  smelting  and  w  aste  incineration,  may 
have  increased. 


1.MPACTS  IN  ONTARIO 
.\  pre\  ious  bullctm  ui  this  series  (STB  Tech  Bull  No 
AqSS-  6)  demonstrated  that  mercun.  has  been  found  m 
fish  \irtually  everyv\  here  in  Ontano  and  has  resuhed  in  more 
consumption  restnctions  than  an\  other  contaminant  in  the 
sportfish monitoring  program.  ObMoush .  we  should  ask: "'  Is 
anyone  at  risk  from  this  contaminant'^". 

For  most  humans  the  risk  appears  to  be  low.  Previous 
instances  of  mercury  poisonmg  in  humans  have  yielded  fairh 
good  information  about  the  relationship  bet\Aeen  dose  and 
toxic  response  from  mercury.  The  dose  that  an  a\erage 
fisherman  is  likeh  to  recei\e  can  be  computed  from  topical 
fish  consumption  patterns  and  concentrations  of  mercun  in 
fish  that  they  are  likely  to  eat.  1  he  computations  must  take 
into  account  the  slow  ehniination  of  meth\  Imercun.  from  the 
body,  but  e\  en  with  this  allow  ance  one  can  show  that  few,  if 
any,  non-native  fisherman  consume  sufficient  fish  to  put  them 
at  risk  of  mercury  poisoning.  The  same  calculations  suggest 
that  aboriginal  peoples,  who  may  consume  fish  to  a  much 
greater  extent  than  sport  fisherman,  are  at  greater  risk  from 
methyhnerauy  to.xicosis.  E.\tensi\e  sunej'S  of  mercury  levels 
in  the  blood  of  native  peoples  indicate  that  their  burdens  of 
mercury  are  indeed  higher  than  non-natives,  and  that  some 
have  le\  els  above  the  threshold  for  mercury  toxicosis  in  the 
most  sensitive  individuals.  Nonetheless,  neurological 
examination  of  individuals  with  the  highest  levels  re\'ealed 
litde,  if  any,  toxicological  impact  on  natives.  The  margin  of 
safety,  howe\'er,  is  clearly  \  ery  small,  and  efforts  have  been 
directed  to  educating  nati\es  about  the  risk  and  to  encourage 
consumption  habits  which  have  lower  risk  of  mercury 
poisoning.  These  efforts  ha\'e  been  successful,  but  they  ha\'e 
had  undesirable  sociological  effects. 


In  principle  wo  could  pcrl'onii  similar  calculations  lor  oilier 
species  which  nia\  be  exposed  (o  inclhylnicrcur\  through  fish 
consumption,  but  the  inl'ormalion  on  fish  consumption. 
mercur\  elimination,  and  mercurv'  toxicosis  in  not  nearly  as 
complete  tor  wildlife  as  for  humans.  Nonetheless,  the 
information  tlial  is  available  suggests  that  the  threat  to  wildlile 
is  much  greater  than  for  humans. 

In  the  pre\ious  bulletin  the  frequency  of  occurrence  of 
contaminated  populations  of  .sportfish  was  illustrated  lor 
various  sizes  offish.  ITie  sizes  were  based  on  tliose  of  interest 
to  fisherman.  For  the  most  part  those  sizes  are  not  relevant  to 
wildlife  such  as  mink,  otter,  loons  and  others  because  they 
usually  eat  smaller  fish.  Thus,  for  wildlife  dift'erent  size 
ranges  of  lish  must  be  evaluated.  Figure  1  illustrates  the 
frequency  of  occurrence  of  various  le\'els  of  mercury 
contamination  in  several  sizes  of  small  perch,  the  sizes  most 
likely  to  be  consumed  by  wildlife.  FAcept  for  the  smallest 
size,  most  fish  arc  in  the  0. 1  to  03  ppm  concentration  range. 
A  few  percent  of  the  populations  exceed  0.8  ppm. 
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Figure  1  The  frequency  of  occurrence  of  perch  populations 
with  various  levels  of  mercury  contamination. 

Given  that  the  human  consumption  guideline  is  0.5  ppm.  do 
these  levels  indicate  any  need  for  concern?  To  answer  this 
question  one  must  consider  the  toxicology  of  mercury  in 
wildlife.  Detailed  dose-response  relationships  for  w  ildlife  do 
not  exist,  but  a  number  of  studies  indicate  that  toxic  effects  in 
most  species  occur  when  diets  ha\'e  mercury  levels  between 
0.3  to  2  ppm  mercury.  For  example,  in  one  study  a  diet 
containing  1 .0  ppm  methylmercury  in  ctjmbination  with  cold 
stress  was  lethal  to  mink  after  2  to  3  months  treatment.  In  a 
recent  study  in  Quebec.  0.9  ppm  mercury  was  lethal  to  haUof 
a  treated  group  of  mink  after  about  3  months  Similarly,  w  ild 
loons  in  the  English- Wabigoon  area  of  Ontario  (which  was 
contaminated  by  emissions  from  a  chlor-alkali  plant)  which 
foraged  in  lakes  with  fish  averaging  0.9  ppm  became 
emaciated  and  failed  to  raise  any  young.  Even  at  0.3  -  0.4 
ppm  in  fish,  loons  exhibited  abnormal  nesting  behaviour  and 
all  chicks  died  before  fledging.  Mallard  reproductive  success 
dropped  by  hall  when  fed  a  diet  with  0.6  ppm  methylmercury. 


Otters  expermientalh  fed  food  with  2  ()  ppm  mercury  died 
after  about  9  months,  and  dead  otters  and  mink  have  been 
found  in  the  vicinity  of  Clay  Lake.  Ontario,  the  most 
contaminated  hike  of  the  I^ngli.sh-Wabigoon  area.  I  issue 
analysis  and  behavioural  observations  by  trappers  indicated 
that  these  animals  probably  died  of  methy  hiiercury  poisoning. 

ITie  abo\'e  data  indicate  that  the  human  consumption  guideline 
is  not  a  good  guideline  for  protection  of  wildlife.  Sublethal 
responses  were  reported  at  levels  ranging  Irom  0.3  to  0  9 
ppm.  and  lethal  cllccts  at  0.9  to  2.0  ppm  mercury  in  fish 
Taking  into  account  tlie  results  in  Figure  1  one  can  conclude 
that  a  signiilcaut  portion  ot  perch  populations  already  have 
fish  in  these  concentration  ranges.  1  hus.  mercury  in  small 
fish  of  some  lakes  may  already  be  at  levels  which  harm 
wildlife  Furthermore,  given  the  proportion  in  the  0. 1  to  0.3 
ppm  range,  a  ven,  large  fraction  of  perch  populations  are  very 
close  to  levels  which  could  exert  toxic  effects.  Thus,  there  is 
very  little  margin  of  salety  between  current  background  levels 
of  mercury  and  those  that  could  cause  environmental  harm. 

Given  that  concentrations  >0.3  ppm  mercury  already  occur  in 
small  llsh.  are  Ontario's  wildlife  aheady  stressed  by  mercury 
poisonmg?  There  is  insufficient  information  to  answer  this 
question.  Auiinals  whose  fitness  is  compromised  by  any 
stress,  including  sublethal  mercury  poisoning,  usually  do  not 
persist  long  in  the  wild.  They  may  by  killed  outright  by  a 
predator  because  of  mipaired  fight  or  flight  response,  or  they 
may  simply  starve  because  of  impaired  ability  to  hunt  for 
prey.  In  either  case,  carcasses  are  almost  always  consumed 
quickly,  and  the  evidence  of  their  stress  disappears  A  report 
by  C.  Wren  of  a  mercury  poisoned  otter  in  the  English- 
Wabigoon  area  during  the  early  1980s  is  a  notable  exception. 

To  imprin  e  our  understanding  of  the  possible  stress  on  otter 
by  mercury  in  Ontario  a  cooperatix  c  study  was  undertaken  by 
Ministry  of  Natural  Resources,  the  Ministry  of  Environment 
and  Energy,  and  frent  \  Fniversity .  The  principle  objectives 
were  to  determine  whether  or  not  mercun*  levels  in  otter  were 
high  enough  to  be  of  concern  from  a  toxicological  standpoint 
and  to  provide  information  which  may  be  of  help  in  designing 
a  long  term  sur\eillance  and  monitoring  program.  With 
regard  to  the  latter,  we  were  particularly  interested  in  whether 
or  not  age  or  the  sex  of  an  animal  was  a  factor  in  accumulation 
of  mercury,  and  whether  or  not  lur  could  be  used  as  an 
indicator  of  mercury  in  brain.  Tissue  analyses  are  not  quite 
complete,  but  preliminan  data  are  \ery  interesting. 
Concentrations  range  from  about  0. 1  to  0.9  ppm  in  the  brain. 
The  highest  levels  are  just  below  the  range  at  which  toxic 
effects  usually  emerge.  There  is  a  strong,  sex-dependent 
correlation  between  mercury  in  fur  and  brain  (Figure  2).  Age 
does  not  appear  to  be  a  factor.  Evaluation  in  the  contexl  of 
necropsy  results  have  not  yet  been  undertaken,  but  at  a 
minimum  the  results  indicate  a  very  low  margin  of  safety 
between  extant  levels  and  concentrations  that  are  hkely  to 
elicit  toxic  responses. 
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Figure  2  Mcrcun  in  oiler  tissues. 


The  close  correlation  between  mercury  in  bram  and  fur  ha.s 
significant  practical  implications  lor  monitormg  the  mcrcurv 
levels  in  otter.  Collecting  and  storuig  carcasses,  and  sampUng 
and  anahyjng  tissues  such  as  brain  is  a  time  consuming.  costK 
endeavour.  On  the  other  hand,  fiir  can  be  collected  and  stored 
lor  ver>'  Utile  cost,  and  because  concentrations  of  mercur.  in 
fiir  are  so  high,  only  tiny  amounts  are  sufficient  tor  analysis. 
We  used  only  2-5  mg.  but  even  less  would  be  sufficient. 
Trappers  were  very  supportive  of  this  stud\ .  and  it  seems 
likely  that  they  would  be  willing  to  suppK  samples  of  fur 
(small  chppings  ofl  llie  feet  are  quite  adequate)  aloug  with  the 
weight  and  sex  of  the  annuals.  Ihe  samples  could  be 
packaged  in  a  small  envelope  and  stored  in  a  ordinary 
cupboard  instead  of  a  Ireezer.  Literally  hundreds  or  even 
thousands  of  samples  could  be  collected  and  stored  with 
minimal  cost. 

With  these  attributes,  otter  fur  is  an  almost  ideal  tool  for 
surseying  and  monitoring  mercury  le\cls  in  the  cmironment. 
Samples  could  be  collected  annualh .  and  at  periodic  inter\  als 
(3-5  years)  subsamples  could  be  anah'zed  to  assess  spatial  and 
temporal  trends.  Residual  sample  material  could  be  retained 
for  archival  purposes.  Not  onh  would  the  results  indicate 
trends  within  the  otter  themselves,  but  w  ithm  the  fish  that  the\ 
eat.  This  economy  of  effort  is  important  because  we  need  to 
consider  a  \'er\  long  term  monitoring  program  for  mercun,  in 
the  environment.  Mercun  is  not  going  to  simply  disappear 
even  if  control  programs  are  initiated;  it  is  an  element  and 
persists  forever.  Man  onl}'  aft'ects  the  degree  to  which  it 
cycles  in  the  biosphere.  The  collection,  storage,  and  analysis 
of  otter  ftir  would  be  an  excellent  means  for  inexpensi\ ely 
monitoring  over  a  long  period  of  time  the  effect  of  man  on  the 
mercurv'  cvcle. 
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EMPORAL  TREND  AND  ITS 
IMPLICATION 


It  is  well  known  that  reductions  in  emissions  of 
mercury  from  chlor-alkali  plants  lead  to  gradual  decline  in 
mercur*'  le\els  in  fish  to  near  background  levels.  .Studies 
indicate  that  the  impro\emcnt  was  the  resuU  of  dilution  and 
sediment  burial,  and  the  phenomenon  demonstrates  the 
uuportance  of  ongoing  loading  of  mercur\  to  its  concentration 
in  fish. 

In  areas  remote  from  direct  mercur>'  discharges,  however,  the 
situation  is  less  clear.  Mercury  le\els  in  commercial  fisheries 
across  Canada  exhibit  no  consistent  change.  Likewise  in  a 
series  of  perch  populations  niouitorcd  by  Karl  Suns  o\'er 
about  a  sLx  \ear  penod  m  south-central  Ontario  there  was 
significant  \ear-to-\ ear  lluctuatious  but  no  consistent  upward 
or  downward  trend  Nouetheless.  se\eral  other  lines  ol 
evidence  suggest  that  globally  there  is  a  slow  upward  trend. 
For  example,  sediment  profiles  I'rom  lakes  in  Ontario  and 
indeed  across  North  America  exhibit  an  approximately  2-3 
fold  increa.se  in  mercury  concentration  over  the  last  centun . 
Similarh  the  atmospheric  concentration  appears  to  be  slow  ly 
increasing  b\  about  0.6  to  1  5%  per  \ear.  In  Sweden,  where 
longer  more  exiensive  databases  on  the  concentration  of  Hg 
in  fish  are  available  a  slow  upward  trend  was  identified, 
consistent  with  sediment  and  atmosphcnc  trends.  L'pward 
trends  have  also  been  reported  tor  lakes  in  Minnesota  fish. 

Despite  the  apparent  global  trend  o\er  the  past  few  decades, 
there  are  indications  that  emissions  may  ha\'e  peaked.  Usage 
of  mercuPi  has  declined  in  the  past  few  years.  niainl>  due  to 
the  reduction  of  mercun  in  batteries  and  the  remo\al  of 
mercury  from  indoor  latex  paints.  Incinerators  are  major 
emitters  of  mercury,  most  of  which  was  deri\ed  from 
batteries  ITie  remo\al  of  mercun  from  batteries  should 
reduce  incinerator  emissions  of  mercun 

While  these  signs  are  encouraging,  an  acti\e  program  for 
reducing  emissions  to  the  environment  and  for  monitoring  the 
levels  in  fish  and  wildlife  are  important.  Lmissions  from 
some  sources  (e.g..  coal  fire  generation  plants)  may  continue 
to  rise  for  some  time,  and  the  balance  between  declining  and 
increasing  sources  is  not  known,  liarly  detection  of  the  trend 
is  essential  to  timeh'  response  to  this  global  en\'iroiimental 
threat. 
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